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Bjarne Stroustrup: C++ Zero-Overhead Principle and OOP
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Zero-overhead principle

1. You don’t pay for what you don’t use

2. What you do use is just as efficient as what you could reasonably write by
hand
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Zero-Cost Abstractions

Michael Barber, April 2021

With thanks to our sponsors @ evervault Nl Mgg /f(l\jl;%én



TecToBaga 3aga4va

sum = 0
for every pair a, b in aligned vectors va, vb
if a > 2
sum += a * b

Ycnous Tecta Npon3BoanTESIbHOCTU:
va 1 vb paamepom B 20k anemMeHTOB, KOTOpbI€ 3adaHbl LENbIM1 YuCcrnamu B
nonyuHtepsane [0, 10).
[na 3amepoB cny4arHo Bbibnpaem va 1 vb n3 100 3apaHee creHepMpoBaHHbIX
BEKTOPOB.

TecToBbIW CTEHA:
Intel Xeon (Icelake) 2Ghz, Ubuntu 20.04, Bce TecTbl B 1 NOTOK

NET Core 6.0.5, Clang++ 14.0.1, Rustc 1.60
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C# npamon yukn

public static long CalculateDirect(int[] va, int[] vb) {
long sum = 0;
for (var 1 = 0; 1 < va.Length; ++i) {
var a = va[i];
var b = vb[i];
if (a > 2) {
sum += a * b;
}
}

return sum;
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C# ntepartop

public static long CalculateIterator(int[] va, int[] vb)
{
var res = va.Zip(vb)
.Where(pair => pair.First > 2)

.Select(pair => (long)(pair.First * pair.Second))
.Sum();

return res;
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G# packpydeHHbI Umkn

public static long CalculateDirectUnrolled(int[] va, int[] vb)

{

long sum =

var len =
var spana
var spanb
var chunkE

var i1 = 0;
while (1 <
var sa
var sb

var mo
var ml
var m2
var m3

0;

va.Length;

= va.AsSpan(0, len);
vb.AsSpan(0, len);
nd = (len >> 2) << 2;

chunkend) {
spana.Slice(i, 4);
spanb.Slice(i, 4);

MaskGreaterThan(sa[0], 2);
MaskGreaterThan(sa[1], 2);
MaskGreaterThan(sa[2], 2);
MaskGreaterThan(sa[3], 2);

}

var v = m0 & (sal[0]
var vl = ml1 & (sa[1]
var v2 = m2 & (sa[2]
var v3 = m3 & (sa[3]
var v01l = vO + vi;

var v23 = v2 + v3;
sum += vO01;
sum += v23;

1 += 4;

// eval rest of data
return sum;

*  * X X

sb[0]);
sb[1]);
sb[2]);
sb[3]);
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public static long CalculateDirectUnsafeAvx(int[] vecta, int[] vectb)

{

C# AVX

if (vecta.Length != vectb.Length) throw new ArgumentException("length mismatch");

long sum = 0;
var len = vecta.lLength;
var chunkEndIndex = (len >> 3) << 3;

unsafe {

fixed (int* ptra = vecta, ptrb = vectb) {

var
var
var
var

var
var

chunkEnd = ptra + chunkEndIndex;
alleEnd = ptra + len;

pa = ptra;

pb = ptrb;

value2 = Vector256.Create(2);
value® = Vector256.Create(0);

// two accumulators, each 4 x inté64, for total 8 x int64

var
var

accl = Vector256.Create(0OL);
acc2 = Vector256.Create(0OL);

// main loop -- 8 elements at a time
while (pa < chunkEnd)

{

var a = Avx.LoadVector256(pa);
var b = Avx.LoadVector256(pb);

var mask = Avx2.CompareGreaterThan(a, value2);
a = Avx2.And(a, mask);

// odd numbered elements (i32 * 132 -> 164)
var ml = Avx2.Multiply(a, b);
accl = Avx2.Add(accl, ml);

// shuffle adjacent and multiply again
a = Avx2.Shuffle(a, 0b10_11_00_01);

b = Avx2.Shuffle(b, 0b10_11_00_01);
var m2 = Avx2.Multiply(a, b);

acc2 = Avx2.Add(acc2, m2);

pa += 8;
pb += 8;
}
// tail loop -- single elements
while (pa < allEnd)
{
// could do something smart like a masked load here, but
// this will do for demonstration purposes.
var a = Vector256.CreateScalar(*pa);
var b = Vector256.CreateScalar(*pb);

// as above, accumulating into accl

var mask = Avx2.CompareGreaterThan(a, value2);
a = Avx2.And(a, mask);

var m1 = Avx2.Multiply(a, b);

accl = Avx2.Add(accl, ml);

pat+;
pb++;
}

// sum all the elements
accl = Avx2.Add(accl, acc2);
sum = accl.GetElement(0) + accl.GetElement(1) +
accl.GetElement(2) + accl.GetElement(3);
}
}

return sum;
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C++ npocTon LKk

std::int64_t calculate direct_index(const std

{

assert(a.size() == b.size());

const size_t len
std::int64_t res

for (size t 1 = 0; 1 < len; ++1)

a.size();
0;

res += a[i1] * b[i];

{
if (a[i] > 2)
{
}

}

return res;

const std

::vector<std::int32_t> &a,
::vector<std::int32_t> &b)
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G++ npamon LUMKN ¢ nTepaTopom

std::int64_t calculate direct(const std::vector<std::int32_t> &a,
const std::vector<std::int32_t> &b)

assert(a.size() == b.size());
std::int64_t res = 0;

for (const auto& [a, b] : zip(a, b)) {
if (a > 2) {
res += a * b;

return res;



G++ pesynbrathl

6
5,3 5,2

Directlndex Directlter



C++ transform_reduce

std::int64_t calculate_tranform_reduce(const std::vector<std::int32_t> &a,
const std::vector<std::int32_t> &b)

assert(a.size() == b.size());

std::int64_t res = std::transform_reduce(
a.begin(), a.end(), b.begin(), 0,
std::plus<>(),
[](std::int32_t a, std::int32_t b)
{ return (a>2) 2a*b:0; });

return res;
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{

C++ AVX

std::int64_t calculate_avx(const std::vector<std::int32_t> &a,
const std::vector<std::int32_t> &b)

assert(a.size() == b.size());
const size_t size = 8; // initial size of chunks
const size_t vec_length = a.size();

auto
auto
auto

size_

valu
accl
acc2
ti

e2 = _mm256_setl_epi32(2); // broadcast 2
= _mm256_setzero_si256();

= _mm256_setzero_si1256();

=0;

for (; 1 + size < vec_length; 1 += size) {

auto
auto

auto
va =

auto
accl

auto
auto
auto
acc2

va = _mm256_loadu_si256(reinterpret_cast<const
vb = _mm256_loadu_si1256(reinterpret_cast<const _
mask = _mm256_cmpgt_epi32(va, value2);

_mm256_and_s1256(va, mask);

ml = _mm256_mul_epi32(va, vb);
= _mm256_add_epi64(accl, ml);

shuf_va = _mm256_shuffle_epi32(va, 0b10110001);
shuf_vb = _mm256_shuffle_epi32(vb, 0b10110001);
m2 = _mm256_mul_epi32(shuf_va, shuf_vb);

= _mm256_add_epi64(acc2, m2);

__m2561_u*>(&a[1]));

_m2561_u*>(&b[1]));

std::int64_t remainder = 0;
for (; 1 < vec_length; ++1) {
if (a[i] > 2) {
remainder += a[i] * b[i];
}
}

auto acc = _mm256_add_epi64(accl, acc2);

std::int64_t d[size / 2];

_mm256_storeu_si256(reinterpret_cast<__m2561_u *>(d),
acc);

return std::accumulate(std::begin(d), std::end(d),
remainder);

}
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C++ ranges

std::int64_t calculate_ranges(const std::vector<std::int32_t> &a,
const std::vector<std::int32_t> &b)

assert(a.size() == b.size());
std::1nt64_t res = ranges::accumulate(ranges::views::zip(a, b)
| ranges::views::filter([](auto &&values) { const auto& [a, b] = values; return a > 2; })
| ranges::views::transform([](auto &&values) { const auto& [a, b] = values; return a * b; })

, 0);

return res;
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NCTOYHUKN

The Benchmarks Game

Rust: Zero Cost Abstractions

zero-cost-abstractions benchmarks fork

Intel Intrinsics Guide

C++ ranges library

Zero overhead principle



https://benchmarksgame-team.pages.debian.net/benchmarksgame/index.html
https://www.youtube.com/watch?v=mX1BsqTfy6E
https://github.com/sdukshis/rust-zero-cost-abstractions
https://software.intel.com/sites/landingpage/IntrinsicsGuide/
https://github.com/ericniebler/range-v3
https://en.cppreference.com/w/cpp/language/Zero-overhead_principle

Cnacubo 3a BHUMaHuel

@filonovpv
fillonovpv@gmail.com
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